Objective: To examine whether dietary patterns are associated with obesity phenotypes. Design: Cross-sectional study. Subjects: We recruited 664 participants aged between 18 and 55 years. Dietary data were collected from a food frequency questionnaire. A factor analysis was performed to derive dietary patterns. Body mass index (BMI), weight and waist girth were recorded using standard procedures. Fat mass and fat-free mass were assessed by electrical bioimpedance. Obesity was defined as having a BMIX30 kg m À2 and a positive FHO (FHO þ ) as having at least one obese first-degree relative. Results: Two dietary patterns were identified; Western and Prudent. The Western pattern was mainly characterized by a higher consumption of refined grains, French fries, red meats, condiments, processed meats and regular soft drinks whereas the Prudent pattern was mainly characterized by a higher consumption of non-hydrogenated fat, vegetables, eggs and fish and seafood. Subjects in the top tertile of the Western pattern had higher BMI, weight, waist girth, waist-to-hip ratio and fat mass than those in the lower tertile. In contrast, subjects in the top tertile of the Prudent pattern had lower BMI, weight, waist girth, fat mass, HDL-cholesterol levels, and lower triglyceride levels than those in the lowest tertile. Individuals in the upper tertile of the Western pattern were more likely to be obese (obesity was defined as having a BMIX30 kg m À2 ) (OR ¼ 1.82, 95% CI 1.16-2.87) whereas those in the upper tertile of the Prudent pattern were less likely to be obese (OR ¼ 0.62, 95% CI 0.40-0.96). These latter significant associations were only observed among those with FHO þ . No such association was observed among FHOÀ individuals. Conclusion: Individuals having a high score of Western pattern were more likely to be obese and those having a high score of the Prudent pattern were less likely to be obese, and this is particularly among individuals with an FHO þ .
Introduction
The prevalence of obesity is increasing world-wide. 1 There is thus a clear need to understand the etiology of obesity, which is a condition associated with an increased risk of coronary heart disease, dyslipidemia, hypertension and stroke, certain types of cancer, non-insulin-dependent diabetes mellitus, gallbladder disease, osteoarthritis, gout and pulmonary diseases. 1 Genetic and environmental factors are likely to be involved in the development of obesity. On the one hand, it was observed that the presence of a positive familial history of obesity (FHO) increases the risk of the offspring being obese. [2] [3] [4] [5] [6] [7] On the other hand, it is well known that environmental factors, such as dietary intakes, are important precursors of health and diseases. 8 The role of individual dietary components has been the focus of considerable research in the field of obesity. [9] [10] [11] However, given the complexity of human diets, several authors have proposed to analyze dietary intakes as dietary patterns. [12] [13] [14] A factor analysis approach used to derive dietary patterns reduces the complexity of diets to a few important foods and has the ability to integrate complex and subtle interactive effects of many dietary exposures. 14, 15 Relationships between dietary patterns derived from factor analysis and obesity have not been extensively studied. A literature review showed inconsistent findings between BMI and dietary patterns, as assessed by diet index, factor analysis or cluster analysis. 16 As, only few longitudinal studies have been performed to examine the link between dietary patterns and BMI or obesity. [17] [18] [19] [20] [21] [22] Among them, one study found that food factors could not consistently predict changes in BMI or obesity development, 22 whereas the others showed that dietary patterns were significantly related to changes in BMI over time. [17] [18] [19] 21 According to these studies, it seems that the adoption of a dietary pattern characterized by high intakes of red and processed meats, refined grains, sweets and desserts is associated with larger weight gain, whereas a dietary pattern usually characterized by high intakes of fruits, vegetables, whole grains, fish and poultry may facilitate weight maintenance. Based on a sample of 664 individuals, the objective of this cross-sectional study was to examine whether dietary patterns are associated with obesity phenotypes and how the presence of obesity or FHO is associated with adherence to dietary patterns.
Materials and methods
Study population and study design Participants in this study were adults aged between 18 and 55 years. Subjects were recruited in the Quebec City metropolitan area through advertisements in local newspapers and radio stations, and by electronic messages sent to university and hospital employees. Participants were invited to come to the laboratory to fill some questionnaires about socio-demographic characteristics and lifestyle habits. Moreover, they met a trained research assistant who measured their anthropometric indices and a dietician to complete a validated food frequency questionnaire (FFQ). 23 . All subjects gave their written consent to participate in this study, which has been approved by the Ethics Committee of Laval University.
Dietary assessment and food groupings
Dietary intake over the past month was assessed by a 91-item FFQ administered by a dietician. This FFQ was previously validated in French Canadian men and women. 23 Briefly, mean value for intake of most nutrients assessed by the FFQ and the 3-day food record were not statistically different. Energy-adjusted correlation coefficients for the principal macronutrients ranged from 0.36 for proteins to 0.60 for carbohydrates. The FFQ was structured to reflect food habits of the Québec population. Participants were asked how often they consumed each item per day, per week, per month or none at all during the last month. Many examples of portion size were provided for a better estimation of the real portion consumed by the subject. The evaluation of the food intake data was performed by grouping together similar food items. The food grouping scheme was based on the similarity of nutrient profiles or culinary usage among foods and was similar to the one used in previous studies (Appendix 1).
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Consideration was also given to groups used in other studies to maintain consistency among studies. 15 Lipid profile Blood samples were collected from an antecubital vein into vacutainer tubes containing EDTA in the morning after a 12 h overnight fast. Blood samples were immediately centrifuged. Cholesterol (C) and triglyceride concentrations were determined in plasma and lipoprotein fractions using OLYMPUS AU400e, Olympus America Inc., Melville, NY, USA. HDL fraction was obtained after precipitation of LDL in the infranatant (d41.006 g ml À1 ) with heparin-manganese chloride. 26 LDL-C concentrations were estimated by the equation of Friedewald et al.
27
Familial history of obesity FHO was assessed by asking the participant whether he/she has obese first-degree biological relatives (father, mother, brother and sister). FHO was considered to be positive if participant had at least one or more obese first-degree relatives (parents and siblings). FHO was considered negative if no first-degree relatives were obese. A study was previously conducted to validate the method used in this study to classify individuals with and without FHO. 28 Briefly, 78 
Statistical methods
To identify dietary patterns in our study population, exploratory factor analysis using the FACTOR procedure was conducted. The factors were orthogonally transformed by using Varimax rotation to achieve the structure with independent (not overlapping) factor and greater interpretability. Components with an eigenvalue41, Scree test and the interpretability of the factors were considered in determining the number of factors to retain. Food groups with positive loading contribute to the dietary pattern; food groups with negative loading are inversely associated with the dietary pattern. Food groups with absolute factor loading X0.30 were considered as significantly contributing to the pattern. Dietary pattern scores were calculated from the sum of food groups multiplied by their respective factor loading with the use of NFACT and OUT option in the FACTOR procedure. These scores corresponded to the degree to which each subject conformed to a given dietary pattern. The derived factors (dietary patterns) were labeled on the basis of our interpretation of the data and of the earlier literature. A score was assigned to each participant for each dietary pattern. Factor scores were further divided into tertiles by using the SAS rank procedure. The General Linear Model was used to compare anthropometric indices and blood lipid levels across tertiles of each dietary pattern (age and gender adjusted). The distribution of qualitative variables (prevalence of obesity and FHO) across tertiles was evaluated by using w 2 tests. Energy-adjusted factor scores were compared, using the General Linear Model procedure, between obese and non-obese individuals and between individuals with FHO þ and FHOÀ. To determine the associations of dietary patterns with obesity, we used multivariable-adjusted odds ratios. First, we obtained age-adjusted odds ratio, and then we adjusted for gender. We also adjusted for energy intakes (kcal d
À1
) in the third model. In all multivariate models, the first tertile of dietary patterns score was considered as a reference. All statistical analyses were performed with SAS statistical software, version 8.2 (SAS Institute Inc., Cary, NC, USA) and statistical significance was defined as Pp0.05.
Results
Characteristics of men and women of the sample were presented in Table 1 . Factor analyses revealed two main dietary patterns. Factor-loading matrices for these dietary patterns are listed in Table 2 . The high positive loading ) and further among FHO þ (defined as having as least one obese first-degree relative) and FHOÀ (defined as having no obese first-degree relatives) individuals (data not shown). Obese subjects showed a higher score for the Western pattern than non-obese individuals (0.25 ± 0.06, and À0.09 ± 0.04, Po0.001, respectively) and lower score for the Prudent pattern (À0.18±0.07, and 0.01±0.04 P ¼ 0.02, respectively). Similar factor scores of both dietary patterns were observed in FHO þ and FHOÀ subjects (P40.05) (data not shown).
Characteristics of the study participants by tertiles of each dietary pattern score are shown in Table 3 . Compared with the participants in the lower tertile of the Western pattern, those in the highest tertile were younger (39.4 ± 11.5 and 37.0 ± 10.8, respectively, P ¼ 0.01). For the Prudent pattern, those in the highest tertile were older than those in the lower tertile (38.8 ± 11.5 and 35.8 ± 10.5, respectively, P ¼ 0.01). The greater prevalence of obesity was observed in the upper tertile of the Western pattern. However, prevalence of obesity was similar across tertile of the Prudent pattern. Prevalence of FHO was 18% in the lowest tertile of the Western pattern, 22.0% in the second tertile, and 19% in the highest tertile of the Western pattern (P from w 2 ¼ 0.02) whereas the prevalence of FHO was not significantly different across the tertile of the Prudent pattern. In general, anthropometric indices were significantly related to both dietary patterns in the expected directions. Indeed, subjects in the top tertile of the Western pattern had higher BMI, weight, waist girth, waist-to-hip ratio and fat mass than those in the lower tertile. In contrast, subjects in the top tertile of the Prudent pattern had lower BMI, weight, waist girth, fat mass, HDL-cholesterol levels, and lower triglyceride levels than those in the lowest tertile.
To investigate further the relationship between dietary patterns and obesity (defined as BMI430 kg m À2 ), multivariate-adjusted odds ratios were computed (Table 4) . Similar analyses were performed after stratification on the basis of FHO. In individuals with an FHOÀ, none of the dietary patterns was associated with obesity (data not shown). However, in individuals with FHO þ , those in the highest tertile of the Western pattern had greater odds for obesity (OR ¼ 2.00, 95% CI 1.19-3.37), whereas those in the highest tertile of the Prudent pattern were less likely to be obese (OR ¼ 0.54, 95% CI 0.32-0.90) ( Table 5 ). Controlling for potential confounders (age, gender, and energy intakes) did not affect these associations.
Discussion
Two major dietary patterns were identified in this population. The Western pattern was principally characterized by a high consumption of refined grains, French fries, red meats, condiments, processed meats, regular soft drinks, as well as pizza, snacks, potatoes and dessert. The Prudent pattern was characterized by a diet rich in non-hydrogenated fat, vegetables, eggs, fish and seafood, wine, coffee as well as whole grain products. These patterns appear to be consistent with a set of food items that has been reported in similar studies. 12, 13, 19, [29] [30] [31] [32] The percentage of variance of dietary intake (B16%) explained by these dietary patterns was similar in magnitude to what has been reported in other studies. 22, 31, [33] [34] [35] [36] Our results suggested that both patterns are associated with obesity phenotypes and odds of obesity. First, in this study, comparisons made across tertiles of factor scores showed positive associations between Western pattern scores and anthropometric indices whereas inverse associations were observed with the Prudent pattern scores. These findings are consistent with a body of literature. 13, 29, 30, 33, [37] [38] [39] [40] With regards to blood lipid levels, the 40 have already reported these associations. However, after stratification of the sample on the basis of FHO, interesting new findings were observed. Individuals with FHO þ in the highest tertile of the Western pattern were more likely to be obese whereas those in the highest tertile of the Prudent pattern were less likely to be obese. No associations between odds of obesity and dietary patterns were observed in individuals with FHOÀ. These results reinforce previous results suggesting that diet is related to weight gain, particularly among those with a genetic predisposition to obesity. 42 Indeed, a familial predisposition to obesity predicted sensitivity to a high-fat diet among Swedish women, 42 suggesting that the relation between diet and obesity is modified by genes. In the literature, Sanchez-Villegas et al. 43 reported that women with a personal history of obesity are less likely to follow a Western pattern and men with a personal history of obesity are more likely to follow a healthy pattern (SpanishMediterranean). Thus, it is reasonable to believe that the presence of obesity or an FHO þ can also have an influence on adherence to dietary patterns. Obese individuals had higher scores for the Western pattern than non-obese individuals. However, dietary factor scores of both patterns were comparable for individuals with FHO þ and FHOÀ. However, it should be noted that in comparison to the study of Sanchez-Villegas et al., 43 which reported results stratified on the basis of gender, men and women were studied together in this study. On the other hand, this study also suggests that individuals having an FHO þ and having a high score of Western pattern are more likely to be obese. From a prevention perspective, it would be wise to ensure that individuals with a FHO þ and following a Western diet adopt strategies to maintain or reduce their body weight. In particular, they should adopt a more healthy-oriented diet have examined prospectively, in two different cohorts, whether eating patterns are related to anthropometric changes in men and women. These studies showed that a healthy pattern was inversely associated with annual changes in BMI in women and inversely associated with annual differences in waist circumference in both women and men. 18 Also, individuals who increased their factor scores for the healthy pattern had larger decreases in BMI over time. 19 Some limitations should be considered when interpreting the findings of this study. First, this is a cross-sectional study, one cannot infer causality and thus provide no information on the contribution of dietary pattern to the development of obesity. Therefore, our findings need to be confirmed in prospective studies. Limitation of FFQ for dietary assessment should be taken into account. However, this bias was also observed in a great majority of nutritional surveys independently of the method used. 44 Moreover, it was shown that the FFQ is a reproducible and valid tool to identify dietary patterns by factor analysis, 12,45 and we used an FFQ validated in our population. 23 Another point to consider is that individuals from the same family shared not only a genetic background, but also the familial/social environment. Thus, FHO used in this study is a variable representing not only a genetic component but also the shared environment, which could not be discriminated in this study. Finally, the limitations and subjective nature of factor analysis technique are widely acknowledged. 15, 24, 46, 47 However, to minimize subjectivity, food groupings used were similar to those reported by others and the selection of the factor solution was done after evaluating scree plot and eigenvalues.
In conclusion, our findings suggest that dietary patternlabeled Western pattern, characterized by high consumption of refined grains, French fries, red meats, condiments, processed meats, regular soft drinks, as well as pizza, snacks and potatoes, is associated with higher indices of obesity, whereas the dietary pattern labeled, Prudent pattern, characterized by high consumption of non-hydrogenated fat, vegetables, eggs, fish and seafood, wine, coffee, regular dairy products as well as whole grains products is associated with lower indices of obesity. Moreover, individuals having a high score of Western pattern were more likely to be obese and those having a high score of the Prudent pattern were less likely to be obese, and this is true particularly among individuals with an FHO þ .
